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BONE MARROW TRANSPLANTATION IN THE RHESUS MONKEY 
P r o g r e s s R e p o r t 
L. M. van P u t t e n 
Rad iob io log i ca l Ins t i tu te T. N. O. 
151 Lange Kle iweg , Ri j swi jk Z . H . 
the N e t h e r l a n d s 
S tudies on the p r o t e c t i o n of r h e s u s m o n k e y s a f te r l e tha l i r r a d i a t i o n 
d o s e s wi th bone m a r r o w s u s p e n s i o n s have been r e p o r t e d f r o m our i n s t i t u t e 
(Crouch et a l . , 1961; de V r i e s et a l . , 1961). S u m m a r i z i n g t h e s e da ta it m a y 
be conc luded tha t : 
1) With f r e s h au to logous m a r r o w , p r o t e c t i o n a g a i n s t d o s e s up to about 
Q 
1000 r i s r o u t i n e l y ob ta ined wi th 1. 2 χ 10 c e l l s p e r kg body-we igh t or m o r e . 
2) With h o m o l o g o u s m a r r o w , t a k e s of donor m a t e r i a l could be d e m o n s t r a -
o 
t ed a f t e r 2. 5-3 χ 10 c e l l s p e r kg u p w a r d ; h o w e v e r , long s u r v i v a l was n e v e r 
s e e n (max . 9 w e e k s ) . The a n i m a l s died f r o m " s e c o n d a r y d i s e a s e " with the 
following c l i n i c a l s y m p t o m s : a n o r e x i a , d i a r r h e a , sk in l e s i o n s , j a u n d i c e , i n f e c ­
t ions (the pos t m o r t e m f indings w e r e s u m m a r i z e d by de V r i e s in the p r e v i o u s 
p a p e r ) . 
3) S e c o n d a r y d i s e a s e w a s s e e n only when a t ake of the donor c e l l s o c c u r r e d . 
It o c c u r r e d u s u a l l y v e r y e a r l y a f t e r bone m a r r o w t r a n s p l a n t a t i o n ; t h e r e was son 
v a r i a t i o n in the s e v e r i t y of the d i s e a s e but it was g e n e r a l l y m u c h m o r e s e v e r e 
than u s u a l l y s e e n in r o d e n t s and it p r o v e d u n i f o r m l y l e tha l . 
Th i s w o r k w a s p e r f o r m e d u n d e r c o n t r a c t wi th E u r a t o m ( E u r o p e a n Atomic 
E n e r g y C o m m u n i t y ) 5 1 - 5 3 rue B e l l i a r d , B r u s s e l s , Be lg ium. 
1 3 8 
The p r e s e n t r e p o r t i s m a i n l y c o n c e r n e d wi th s t u d i e s on the cause of 
the s e v e r i t y of t h i s s e c o n d a r y d i s e a s e and wi th m e a n s to p r e v e n t it . 
Since m o s t of the e a r l i e r s t u d i e s w e r e p e r f o r m e d wi th c e l l s obtained 
by p u n c t u r e and a s p i r a t i o n of bone m a r r o w f r o m l iving d o n o r s , the ce l l sus­
p e n s i o n s w e r e i nev i t ab ly c o n t a m i n a t e d wi th r e l a t i v e l y l a r g e quan t i t i e s of 
blood. 
In r o d e n t s it h a s b e e n e s t a b l i s h e d tha t a d m i x t u r e of the fo re ign m a r ­
row s u s p e n s i o n s wi th donor blood m a r k e d l y e n h a n c e s s e c o n d a r y d i s e a s e or 
even h a s an acu t e k i l l ing effect on the 6th or 7th day a f t e r a d m i n i s t r a t i o n 
(Cole and G a r v e r , 1961; Goodman and Congdon, 196l). 
To e s t a b l i s h w h e t h e r in m o n k e y s a s i m i l a r effect of p e r i p h e r a l blood 
w a s r e s p o n s i b l e for the s e v e r e s e c o n d a r y d i s e a s e , the fol lowing exper iments 





F i g u r e 1 
O: 




Surv iva l t i m e s of X ­ i r r a d i a t e d m o n k e y s (650 r) a f te r 
t r e a t m e n t wi th bone m a r r o w a lone o r bone m a r r o w 
+ 30 m l blood. 
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Donor m o n k e y s w e r e b l ed to dea th u n d e r a n a e s t h e s i a and t h e i r bone 
m a r r o w w a s c o l l e c t e d . One p a r t of the s u s p e n s i o n s was m i x e d wi th 30 m l of 
blood and a d m i n i s t e r e d to one l e tha l l y i r r a d i a t e d m o n k e y , a n o t h e r p a r t w a s 
m i x e d wi th T y r o d e ' s so lu t ion and in j ec t ed into a n o t h e r s i m i l a r l y i r r a d i a t e d 
m o n k e y . No m a r k e d d i f f e r e n c e s in s u r v i v a l w e r e s e e n . Autopsy showed s e v e r e 
s e c o n d a r y d i s e a s e in a l l a n i m a l s (fig. l ) . 
A n o t h e r e x p e r i m e n t w a s d e s i g n e d to e l u c i d a t e w h e t h e r the acu t e ' i l -
l ing effect a s s e e n in r o d e n t s a f t e r i n j ec t ion of p e r i p h e r a l b lood, or l a r g e 
n u m b e r s of l ymph node or s p l e e n c e l l s , could be r e p r o d u c e d in the m o n k e y s . 
Q 
L a r g e n u m b e r s of i m m u n o l o g i c a l l y c o m p e t e n t c e l l s (10 χ 10 s p l e e n 
Q O 
c e l l s o r 4 χ 10 l y m p h node c e l l s p e r kg) w e r e in jec ted in addi t ion to 5 χ 10 
bone m a r r o w c e l l s p e r kg b o d y - w e i g h t of the X - i r r a d i a t e d r e c i p i e n t . Th i s 
c a u s e d n e i t h e r a m a r k e d l y s h o r t e r s u r v i v a l t i m e (fig. 2) no r any s p e c i a l 
c l i n i c a l s y m p t o m s or a u t o p s y f indings in t h e s e m o n k e y s in c o m p a r i s o n 
wi th the c o n t r o l s , t ha t r e c e i v e d bone m a r r o w a lone f r o m the s a m e s u s p e n ­
s i o n s . 
Th i s r e s u l t m a y be exp l a ined in two w a y s . E i t h e r l ympho id c e l l s have 
noth ing to do wi th s e c o n d a r y d i s e a s e and wi th the m o r t a l i t y of t h e s e a n i m a l s 
- a t h e s i s wh ich i s c o n t r a d i c t e d by the p a t h o l o g i c a l s t u d i e s of de V r i e s ( see 
p r e v i o u s p a p e r ) - o r the bone m a r r o w s u s p e n s i o n s a lone con t a in a l r e a d y a 
m a x i m a l l y ef fec t ive n u m b e r of i m m u n o l o g i c a l l y c o m p e t e n t c e l l s . Th i s l a t t e r 
s u p p o s i t i o n would be in a g r e e m e n t wi th the f inding tha t l ymph node r e p o p u l a ­
t ion u s u a l l y s e e m s to p r e c e d e bone m a r r o w r e p o p u l a t i o n a f t e r a d m i n i s t r a t i o n 
of bone m a r r o w . 
The next s t e p in our s t u d i e s i s a l o g i c a l c o n s e q u e n c e of the finding of 
an e x c e s s i v e i m m u n o l o g i c a l a c t i v i t y of the bone m a r r o w s u s p e n s i o n s : A t t e m p t s 
w e r e m a d e to r e d u c e s e l e c t i v e l y the n u m b e r of i m m u n o l o g i c a l l y a c t i v e c e l l s 
140 
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Surv iva l t i m e s of X ­ i r r a d i a t e d m o n k e y s (850 r) a f t e r t r e a t ­
m e n t wi th bone m a r r o w (5 χ 10 / k g ) or wi th bone m a r r o w 
g (5 χ 10 /kg ) + lymphoid c e l l s f r o m lymph nodes or s p l e e n 
Q 
or with X ­ i r r a d i a t e d bone m a r r o w (20 χ 10 / k g ) , 
in the s u s p e n s i o n s by v a r i o u s m e t h o d s . 
a) I r r a d i a t i o n migh t f avourab ly inf luence the r e l a t i v e i m m u n o l o g i c a l and 
hemopo ie t i c po t enc i e s of the ce l l s u s p e n s i o n s . I r r a d i a t i o n w a s t e s t e d with an 
i n c r e a s e d n u m b e r of c e l l s a d m i n i s t e r e d , to c o m p e n s a t e for a p a r t i a l l o s s of 
hemopo ie t i c c e l l s . 
A fourfold i n c r e a s e in ce l l n u m b e r combined with in v i t r o i r r a d i a t i o n of 
the s u s p e n s i o n with 250 r of X ­ r a y s did not change s u r v i v a l t i m e or sever i ty 
of s e c o n d a r y d i s e a s e . A s i m i l a r e x p e r i m e n t wi th a fourfold i n c r e a s e in cell 
n u m b e r and 400 r of X ­ r a y s r e s u l t e d in a l onge r s u r v i v a l t i m e wi th evidence 
141 
of t e m p o r a r y and i n c o m p l e t e r e g e n e r a t i o n of bone m a r r o w (fig. 2) but wi th 
at t h e s a m e t i m e def in i te e v i d e n c e of a m i n o r d e g r e e of s e c o n d a r y d i s e a s e . 
b) A n o t h e r m e t h o d w a s found to be m u c h m o r e s u c c e s s f u l in m i c e in 
p r e v e n t i n g h o m o g r a f t r e a c t i v i t y f r o m m o u s e s p l e e n s u s p e n s i o n s wi thout 
e q u i v a l e n t l o s s of r a d i a t i o n p r o t e c t i o n p o t e n c y (van B e k k u m , 1962). Th i s 
m e t h o d c o n s i s t s s i m p l y of s t o r a g e a t + 4 C for 3 o r 4 d a y s . The r e s u l t s 
in m o n k e y s a r e shown in f i gu re 3. It i s ev iden t a g a i n t ha t the l o n g e s t s u r ­








F i g u r e 3 
+ bone m a r row regenerat ion 
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S u r v i v a l t i m e s of m o n k e y s t r e a t e d 24 h o u r s a f t e r 850 r 
t o t a l body i r r a d i a t i o n wi th bone m a r r o w s t o r e d a t + 4 C 
for v a r i o u s p e r i o d s . 
m a y be a s l igh t effect of s t o r a g e but t h i s has c e r t a i n l y no c l i n i c a l i m p o r ­
t a n c e . T h e s e o b s e r v a t i o n s s u g g e s t tha t m e t h o d s which a r e ef fect ive in 
1 4 2 
d e c r e a s i n g the s e c o n d a r y d i s e a s e in r o d e n t s a r e not n e c e s s a r i l y effective 
in the m o n k e y . Th i s cou ld be due to r e s i s t a n c e of m o n k e y l y m p h o i d ce l l s 
but it could a l s o be due to an e x c e s s of i m m u n o l o g i c a l p o t e n c y of the bone 
m a r r o w s u s p e n s i o n . If the l a t t e r i s t r u e it i s r a t h e r s u r p r i s i n g t ha t we 
e v e r o b s e r v e d s u r v i v a l t i m e s of o v e r 30 d a y s and it m i g h t be w o r t h ­ w h i l e 
to r e c o n s i d e r t h e s e r e s u l t s . If t h e s e long s u r v i v o r s w e r e not ob t a ined by 
low i m m u n o l o g i c a l a c t i v i t y of the s u s p e n s i o n , they cou ld p e r h a p s be a r e ­
su l t of v a r i a t i o n s in the d e g r e e of " c o m p a t i b i l i t y " b e t w e e n h o s t and donor . 
F i g u r e 4 
Δ Donor and host from different 
batch 
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1 2 3 4 5 6 7 8 9 10 11 12 13 
χ 10 Β Μ celt«/ kg 
S u r v i v a l t i m e s of m o n k e y s a f t e r i r r a d i a t i o n and h o m o ­
logous t r a n s p l a n t a t i o n p lo t t ed a g a i n s t bone m a r r o w c e l l 
d o s e . D o n o r ­ h o s t c o m b i n a t i o n s f r o m p o s s i b l y r e l a t e d 
m o n k e y s , a r r i v i n g in the s a m e b a t c h a r e p r e s e n t e d a s 
c i r c l e s ; the o t h e r s a s t r i a n g l e s . 
1 4 3 
With t h i s in m i n d we h a v e t a b u l a t e d a l l ou r d a t a in a s e a r c h for c o m ­
p a t i b l e and i n c o m p a t i b l e d o n o r - h o s t c o m b i n a t i o n s . M o s t of the s t u d i e s h a v e 
b e e n done w i th m o n k e y s w h i c h a r r i v e d in t h i s c o u n t r y in d i f f e r e n t t r a n s p o r t 
b a t c h e s . Only in a few i n s t a n c e s d o n o r and h o s t w e r e s e l e c t e d f r o m t h e s a m e 
b a t c h . A m o n g t h e s e i n s t a n c e s w e r e o u r two l o n g e s t s u r v i v o r s but the t o t a l 
a v e r a g e of t h i s g r o u p i s not s i g n i f i c a n t l y b e t t e r (fig. 4) . We a r e t h u s u n a b l e 
t o c o n c l u d e w h e t h e r s e l e c t i o n of " c o m p a t i b l e " o r r e l a t e d m o n k e y s m a y i m ­
p r o v e t h e r e s u l t s . 
F i n a l l y we h a v e s t a r t e d w o r k w i t h f e t a l d o n o r m a t e r i a l . S a t i s f a c t o r y 
s u s p e n s i o n s f r o m f e t a l m o n k e y l i v e r and s p l e e n cou ld be o b t a i n e d f r o m 
f e t u s e s of an e s t i m a t e d a g e of 100 d a y s ( a f t e r t h e l a s t m e n s t r u a l b l e e d i n g ) . 
The n u m b e r of c e l l s o b t a i n a b l e f r o m one f e tu s w a s a t b e s t only s l i g h t l y m o r e 
Q 
t h a n the m i n i m a l n u m b e r of a d u l t h o m o l o g o u s c e l l s (8 χ 10 for a 3 kg r e c i ­
p i en t ) n e c e s s a r y to o b t a i n a " t a k e " . N e v e r t h e l e s s in two t r i a l s no effect of 
t h e s e n u m b e r s of h e m o p o i e t i c c e l l s w a s o b s e r v e d in i r r a d i a t e d r e c i p i e n t s and 
s e v e r a l a t t e m p t s w i th l o w e r n u m b e r s of c e l l s h a v e a l s o b e e n u n s u c c e s s f u l . 
A m i x t u r e of s u s p e n s i o n s f r o m two f e t a l d o n o r s w a s t r i e d o n c e , s u p -
Q 
p ly ing 7 . 2 x 1 0 c e l l s p e r kg r e c i p i e n t . T h i s p r o d u c e d t e m p o r a r y i n c o m p l e t e 
bone m a r r o w r e c o v e r y and i n c o m p l e t e l y m p h node r e c o v e r y and s u r v i v a l 
fo r 21 d a y s , h i s t o l o g i c a l l y t h e r e w a s no e v i d e n c e of s e c o n d a r y d i s e a s e . 
It s e e m s t h a t j u s t a s in m i c e ( C r o u c h , I960) m o r e d o n o r c e l l s m a y be 
n e e d e d f r o m fe t a l t h a n f r o m a d u l t s o u r c e s t o p r o d u c e a s i m i l a r d e g r e e of 
h e m o p o i e t i c r e c o v e r y . F o r m o n k e y s t h i s s e e m s to i m p l y t h a t m o r e t han one 
f e t a l d o n o r i s c e r t a i n l y n e e d e d and we p l a n to t e s t l a r g e n u m b e r s of d o n o r s . 
We do not know wha t a r e t h e e f fec t s of a d m i n i s t e r i n g s u s p e n s i o n s m a d e up 
f r o m a n u m b e r of d o n o r s . F o r p r a c t i c a l a p p l i c a t i o n it w i l l a l m o s t c e r t a i n l y 
be n e c e s s a r y to h a v e a d e p e n d a b l e f r e e z i n g m e t h o d , but we b e l i e v e the 
t r e a t m e n t shou ld f i r s t be w o r k e d out u s i n g poo led fe ta l c e l l s u s p e n s i o n s . 
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As r e g a r d s the f r e e z i n g m e t h o d , p r e l i m i n a r y d a t a h a v e i n d i c a t e d that 
the s t o r a g e of m o n k e y bone m a r r o w s u s p e n s i o n s c a u s e s in our h a n d s a much 
g r e a t e r l o s s of p r o t e c t i o n ab i l i ty t han w h e n the s a m e s t o r a g e t e c h n i q u e s 
w e r e app l i ed to m o u s e bone m a r r o w . 
R e c e n t e x p e r i m e n t s in our i n s t i t u t e d e m o n s t r a t e d t ha t the s t a n d a r d 
slow f r e e z i n g in 30% g l y c e r o l - t y r o d e wi th r a p i d thawing and S lov i t e r p r o c e -
d u r e g ives for m i c e about 60% p r e s e r v a t i o n of the f r e s h p r o t e c t i v e effect. 
F o r m o n k e y s the p r e s e r v a t i o n p e r c e n t a g e s e e m s in p r e l i m i n a r y s t u d i e s to 
be below 10 and we have a s ye t not b e e n ab le to p r o t e c t a s ing le a n i m a l 
wi th au to logous m a r r o w a f te r f r e e z e - s t o r a g e . 
In s u m m a r y we fee l t ha t no tw i th s t and ing a l a r g e n u m b e r of nega t ive 
r e s u l t s , the sub jec t h a s not b e e n c o v e r e d e x h a u s t i v e l y and t h e r e i s s t i l l a 
lot of w o r k to go t h r o u g h b e f o r e a l l the p o s s i b i l i t i e s of p r e v e n t i n g s e c o n -
d a r y m o r t a l i t y have been e x p l o r e d . 
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D I S C U S S I O N 
KURNICK When e x a c t l y did D r . van P u t t e n d e t e r m i n e the v i ab i l i t y of h i s 
f oe t a l c e l l s ? In our l i m i t e d e x p e r i e n c e wi th h u m a n foe ta l c e l l s we found tha t 
w i t h i n an h o u r the v i a b i l i t y , a s m e a s u r e d by t r y p a n blue e x c l u s i o n , had f a l -
l e n to a l m o s t z e r o , bo th for foe ta l s p l e e n and bone m a r r o w . C o n c e r n i n g the 
u s e of f r o z e n s t o r e d bone m a r r o w we found tha t the v i ab i l i t y i s m u c h i m -
p r o v e d by avo id ing d i lu t i on by the S lov i t e r m e t h o d (H. A. S l o v i t e r . Am. J . 
M e d . Sci . , 231, 437 , 1956). We found no h a r m in in j ec t ing it in the p r e s e n c e 
of g l y c e r o l wi thou t f i l t r a t i o n and wi thout r e m o v i n g fat. Slow thawing at z e r o 
d e g r e e s C in a i r s e e m e d to have an a d v a n t a g e o v e r fas t t hawing . 
VAN P U T T E N As to the f i r s t q u e s t i o n , we do find a r e a s o n a b l e v i ab i l i t y of 
the m o n k e y foe ta l m a t e r i a l u s i n g the e o s i n - t e s t . Some of the f o e t u s e s a r e 
o b t a i n e d f r o m an i n s t i t u t e w h e r e g r e a t n u m b e r s of m o n k e y s a r e s a c r i f i c e d 
for po l i o i n v e s t i g a t i o n s . If a p r e g n a n c y i s found, the foe tus i s put on ice and 
r e c e i v e d by us w i t h i n 3 h o u r s . Rough ly 7% of the c e l l s of our foe ta l m a r r o w 
s u s p e n s i o n s a r e dead . F o e t a l l i v e r s of a s u i t a b l e age y ie ld s u s p e n s i o n s wi th 
up to 60% n o n - v i a b l e c e l l s , t he dead c e l l s be ing m a i n l y p a r e n c h y m a l , n o n -
h e m o p o i e t i c c e l l s . I m u s t admic h o w e v e r tha t our only c a s e of r e p o p u l a t i o n 
by foe t a l m a t e r i a l , w a s w h e n t h e s u s p e n s i o n s w e r e r a p i d l y ob ta ined f r o m ?. 
f o e t u s e s who w e r e d e l i v e r e d by c e s a r í a n s e c t i o n in our l a b o r a t o r y and w e r e 
i n j e c t e d soon a f t e r w a r d s . In a n s w e r to the s econd q u e s t i o n I would l ike to 
m e n t i o n t ha t in a s t a t i s t i c a l s tudy in m i c e , und i lu ted g l y c e r o l - s t o r e d s u s -
p e n s i o n s a r e m u c h l e s s e f fec t ive in s av ing i r r a d i a t e d a n i m a l s than the 
s a m e s u s p e n s i o n s if d i l u t ed by the S lov i t e r m e t h o d . H o w e v e r if d i m e t h y l 
su l foxyde i s u s e d in a 15% c o n c e n t r a t i o n for s t o r a g e , the undi lu ted s u s p e n -
s ion i s v e r y e f fec t ive but the S lov i t e r d i lu t ion , in t h i s c a s e , c o m p l e t e l y a b o -
l i s h e s the p r o t e c t i v e effect . 
KAY would l ike to c o n f i r m the d i f f i cu l t i e s wi th e o s i n , when t e s t i n g foe ta l 
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m a t e r i a l , s i nce a l l p a r e n c h y m a l c e l l s t ake up the dye. He u s e s a c r i d i n e 
o range which p r o d u c e s an o r ange f l u o r e s c e n c e in v iab le c e l l s . This c o r r e ­
l a t e s we l l wi th the b io log ica l ac t iv i ty of c e l l s u s p e n s i o n s a f t e r f r e ez ing with 
d ime thy l sulfoxide (which i s p r e f e r r e d to f r eez ing with g l y c e r o l ) . 
VAN P U T T E N Could a rough e s t i m a t e be g iven of the p e r c e n t a g e viable 
ce l l s r e c o v e r e d a f te r f r e e z i n g ? 
KAY Yes , wi th the o p t i m u m c o n c e n t r a t i o n of d ime thy l sulfoxide (12. 5%) one 
ge t s about 40% of the o r i g i n a l n u m b e r of v iable c e l l s . With h u m a n H e L a o r 
lung c u l t u r e c e l l s one c a n get 80% r e c o v e r y by a P u c k pla t ing techn ique so 
tha t the r e s u l t s a r e not only s p e c i e s ­ s p e c i f i c but a l s o depending on the ce l l 
t ype . 
VOS As h a s been m e n t i o n e d by D r . van P u t t e n , a t t e m p t s have been m a d e to 
e l i m i n a t e s e l e c t i v e l y lymphoid c e l l s f rom bone m a r r o w in o r d e r to r e d u c e 
s e c o n d a r y d i s e a s e . One of the m e t h o d s i s b a s e d on X ­ i r r a d i a t i o n , but when 
Smi th and I t r i e d to e s t i m a t e the r a d i o s e n s i t i v i t y of lymph node ce l l s and 
m a r r o w , the L D , _ w a s not s igni f icant ly d i f fe ren t for the two types of ce l l s 
in m i c e . T h e r e s e e m s to be l i t t l e hope to k i l l e i t h e r of t h e s e two ce l l types 
s e l e c t i v e l y . 
M A T H Ë would l i k e ' t o m e n t i o n a n o t h e r way of c o n s e r v a t i o n which s e e m s to 
affect the i m m u n o l o g i c a l l y c o m p e t e n t c e l l s s o m e w h a t m o r e than the m y e l o i d 
c e l l s . C o n s e r v a t i o n of c e l l s for 2 h o u r s at 37 C or 6 h o u r s a t 18 r e d u c e s 
the n u m b e r of e o s i n ­ r e s i s t a n t c e l l s to about 50%. The t h r e e t e s t s used a r e 
dep i c t ed in the s l i d e s . The top row shows the m o r t a l i t y when we in jec t 
C57BL m a r r o w and lymphoid c e l l s into sub le tha l ly i r r a d i a t e d F (C57 χ DBA2) 
and look for a ki l l ing effect and one can see tha t only the c o n s e r v a t i o n for 2 
h o u r s at 37 ( second row) d e c r e a s e s mortality^ s igni f icant ly (s l ide 1). In the 
second e x p e r i m e n t only homologous m a r r o w was u s e d and one can see that 
c o n s e r v a t i o n for 2 h o u r s at 37 C d e c r e a s e s l e tha l i ty s igni f icant ly . Though 
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myelo id r e s t o r a t i o n is not d e c r e a s e d , s t o r a g e for 6 h o u r s at 18 does not 
work ( s l ide 2). Then, in the t h i r d e x p e r i m e n t w h e r e r e s t o r a t i o n was ob-
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ta ined by m i n i m a l n u m b e r s of i so logous m a r r o w c e l l s (10 and 10 ) no si¡ 
nif icant d i f f e r ences a r e o b s e r v e d be tween the t h r e e g r o u p s ( s l ide 3). But 
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one l o s e s 60% of the ce l l s and to inject the s a m e n u m b e r of v iab le ce l l s 
one would have to s t a r t with twice that n u m b e r of c e l l s . If we want to apply 
th ;s to humans we would need m o r e c e l l s than can be obta ined f r o m one indi-
vidual so we expect to use s e v e r a l d o n o r s p e r r e c i p i e n t to t e s t t h i s . 
VAN BEKKUM Unless m i n i m a l effect ive n u m b e r s of c e l l s w e r e u s e d in the 
f i r s t two t e s t s your r e s u l t s do not p rove a s e l e c t i v e effect on e i t h e r of the 
two ce i l t ypes . F r o m my e x p e r i m e n t s t h e r e s e e m s to be a s l ight s e l ec t ive 
effect at las t and the only r e a l proof for t h i s is the fol lowing. In c e r t a i n 
m o u s e h o s t - d o n o r c o m b i n a t i o n s , p a r e n t sp l een s u s p e n s i o n s wi l l not provide 
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E F F E C T OF STORAGE AT 4 C ON THE KILLING EFFECT OF 
LYMPHOID CELLS 
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f r e . h (34%) 100 
3 day» (40%) 45 56 
4 day» (71%) 56 66 
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p r o t e c t i o n to i r r a d i a t e d F h y b r i d s r e g a r d l e s s of the n u m b e r of c e l l s i n ­
j e c t e d , the m i c e die e i t h e r f r o m d i r e c t k i l l ing or f r o m bone m a r r o w a p l a s i a . 
If h o w e v e r the s u s p e n s i o n i s s t o r e d in the r e f r i g e r a t o r for a few days before 
in j ec t ion we do get a c e r t a i n p e r c e n t a g e of s u r v i v o r s , though the p r o t e c t i v e 
effect i s r a t h e r s m a l l ( s ee s l ide 4). T h e r e f o r e , I would like to a sk you 
w h e t h e r you have done c e l l n u m b e r t i t r i a t i o n s in your t e s t s and w h e t h e r 
you found the effect when a m i n i m a l ef fect ive n u m b e r of c e l l s was used . 
5 
M A T H E In the c a s e of i s o l o g o u s r e s t o r a t i o n ( s l ide 3) we worked with 10 and 
10 c e l l s and found the s a m e p r o t e c t i o n in both. We do not have 100% p r o t e c ­
t ion and we a r e not down to the m i n i m u m leve l . But it s e e m s that we can d e ­
c r e a s e the s e c o n d a r y s y n d r o m e in p r a c t i c e by th i s me thod . That i s , if we 
can get m o r e donor c e l l s . 
VAN BEKKUM a g r e e s tha t it is v e r y difficult to p r o v e a s e l e c t i v e effect on 
i m m u n o l o g i c a l l y a c t i v e c e l l s and tha t one m u s t keep in mind that any d e ­
c r e a s e of the n u m b e r of c e l l s of a s u s p e n s i o n c a p a b l e of c a u s i n g a g r a f t -
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v e r s u s - h o s t reac t ion , wi l l indeed reduce the chances for this g r a f t - v e r s u s -
host reac t ion to b e c o m e mani fes t . 
AMBRUS Did Dr. Mathé actual ly propose to g ive i rrad ia ted pat ients marrow 
from s e v e r a l donors at a t i m e ? Would this not c o m p l i c a t e m a t t e r s by adding 
a mult ip l ic i ty of g r a f t - v e r s u s - g r a f t r eac t ions to the a l ready ex i s t ing i m m u -
nologica l react ions of g r a f t - v e r s u s - h o s t and v i ce v e r s a ? 
MATHE With this in mind we have r e s t o r e d i rrad ia ted m i c e with m a r r o w 
from 4 different s t r a i n s , including C57 m a r r o w caus ing a high percentage 
of s econdary d i s e a s e and DBA2 m a r r o w which r a r e l y p ro v o k es a secondary 
syndrome. When these 4 m a r r o w s u s p e n s i o n s are m i x e d we o b s e r v e l e s s 
secondary s y n d r o m e s than when the s t ra in with m a x i m a l an t i -hos t act iv i ty 
(C57) is used alone. 
AMBRUS wonders how the e x p e r i m e n t s are actual ly se t up s i n c e one must 
cons ider the poss ib i l i t y that putting i n o t h e r grafts next to the C57 marrow, 
which is so damaging to the host , the additional grafts m a y s i m p l y des t roy 
part of the p r i m a r y C57 m a r r o w graft. One would only get a s e e m i n g l y better 
resul t . 
MATHÉ The exper iment i s now in i ts 50th day and apparent ly l e s s secondary 
d i s e a s e is s een than when only C57 c e l l s w e r e used. 
COHEN would l ike s o m e m o r e c o m m e n t s on the u s e of m a r r o w p o o l s . 
Though the p r o b l e m of g r a f t - v e r s u s - h o s t r e a c t i o n s a s m e n t i o n e d by D r . 
A m b r u s m u s t be kept in m i n d , L e n g e r o v a of the I m m u n o l o g i c a l I n s t i t u t e at 
P r a g u e , g e t s qui te f a v o u r a b l e r e s u l t s by us ing l a r g e poo l s of s o m e 40 types 
of c e l l s . Th i s m i g h t be due to a " s e l f - c l e a r a n c e e f fec t" of l y m p h o i d c e l l s . 
Someth ing l ike a " c l o n a l s e l e c t i o n m e c h a n i s m " m i g h t be o p e r a t i v e , by 
which the ant igenicalLy r e m o t e c e l l s p e r i s h whi le t h o s e a n t i g e n i c a l l y a c c e p -
t ab l e to the hos t migh t be s aved . Maybe it would be usefu l to con t inue the 
kind of work L e n g e r o v a h a s been doing with pooled c e l l s , in the hope of 
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saving selectively those immunologically competent cells that would be anti-
genically most related and most acceptable to the host. 
CROUCH Had anyone in the group ever done this in monkeys? 
LOEB mentions the use of 3 donors for the t reatment of patients. The dif-
ferent m a r r o w s were not injected simultaneously but successively within 
a few days. Death in these children occurred 28 to 30 days after total body 
i r radia t ion. Secondary d isease may have played a role in the death of these 
children: the lymphoid t i ssue was definitely depleted in 4 out of 5 at autopsy. 
The mar row of both parents and of other close relat ives was used in these 





